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Summary
Age-related structural and neurochemical changes occurring
in the central nervous system have been related to changes in
some rhythmometric parameters. In spite of their clinical im-
portance, only a few studies ha
ve investigated the modifications over time of serum elec-
trolytes in senescence. 
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Introduction
Prevention and treatment of osteoporosis with vitamin D and
calcium have recently been challenged after publication in the
New England Journal of Medicine on the large scale trial in the
Women s Health Inititative (1). While this paper was negative,
other new positive data on vitamin D have become available.
In this article, new data on vitamin D deficiency and its conse-
quences will be discussed, among others the relationship be-
tween vitamin D deficiency and muscle weakness. In addition,
the effects of treatment with vitamin D and calcium on the inci-
dence of osteoporotic fractures will also be discussed. Vitamin
D and calcium as additional treatment in patients with osteo-
porosis is the last subject of this review. 
Vitamin D deficiency causes a lower degree of mineralization
of the bone and in the long term osteomalacia in case of long-
standing vitamin D deficiency. The earlier stage is character-
ized by secondary hyperparathyroidism associated with bone
loss which may lead to osteoporotic fractures (2). Vitamin D al-
so has effects outside the skeleton specially on muscle tissue.
Vitamin D deficiency causes muscle weakness which may lead
to falls (3). Vitamin D deficiency has also been related to a
higher sensitivity for auto-immune disease such as multiple
sclerosis or diabetes mellitus type 1, higher sensitivity for some
infectious diseases such as tuberculosis and occurrence of
certain types of cancer (4). In this review the emphasis is on
the effects of vitamin D on bone and muscle tissue.
Longitudinal Aging Study Amsterdam
The Longitudinal Aging Study Amsterdam (LASA) is an epi-
demiological cohort study in the older Dutch population in Ams-
terdam, Zwolle and Oss and the surrounding rural communi-
ties. This representative sample of the Dutch population col-
lects data on aging with respect to cognition, emotion, social
life and physical function since 1992. The consequences of vit-
amin D deficiency for the skeleton and for physical function
have been investigated in LASA. 
In 1996, serum concentration of serum 25-hydroxyvitamin D
(25(OH)D) was assessed in participants of LASA who were
65 years or older. Serum 25(OH)D was lower than 25 nmol/l
in 13% and between 25 and 50 nmol/ in 35%. Currently it is
assumed that serum 25(OH)D should be higher than 50
nmol/l and this was the case in LASA in 52% of the partici-
pants (5). 
The relationship between serum 25(OH)D and the serum
concentration of parathyroid hormone (PTH) was negative as
can be expected and serum PTH was maximally suppressed
when serum 25(OH)D was higher than 80 nmol/l. It should be
questioned whether the increase of serum PTH with a de-
creasing 25(OH)D concentration should be considered as a
physiological compensatory mechanism or as a pathological
phenomenon. When the 25(OH)D decreases below 50 nmol/l,
the increase of serum PTH becomes steeper. A negative re-
lationship was observed between serum 25(OH)D and the
urinary excretion of deoxypyridinolin, a measure of bone re-
sorption, but the excretion of deoxypyridinolin only increased
significantly when serum 25(OH)D was below 25 nmol/l. A
positive relationship between serum 25(OH)D and the speed
of sound through the heel was found, and the speed of sound
increased significantly until serum 25(OH)D was higher than
50 nmol/l (6).
Vitamin D status in Europe
The vitamin D status in the European population varies be-
tween poor to adequate. Most surveys show that serum
25(OH)D levels are higher in Scandinavian countries followed
by Western Europe and lower in the Mediterranean countries
(7,8). 
This was confirmed in the MORE study by measurement of
serum 25(OH)D in a central laboratory facility in post-
menopausal women from many countries. The serum 25(OH)D
levels in Norway and Sweden were 86-89 nmol/l on average.
Serum 25(OH)D was 64-67 nmol/l in Western Europe and 55
nmol/l in Italy (9). 
An Italian population survey showed that vitamin D deficiency
(serum 25(OH)D < 25 nmol/l) occurred in more than 60% of the
women between 60 and 80 years (10). On the other side a
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study in Norway on latitude 70  showed that the minimum
serum 25(OH)D was higher than 37.5 nmol/l (11). 
An explanation was that the mean vitamin D intake was high,
around 10 g or 400 IU per day, caused by the consumption of
cod liver oil and fish.
Vitamin D status in immigrants 
In Western Europe, vitamin D deficiency occurs in immigrants
from non-western countries. Studies in general practices in
Amersfoort and The Hague showed vitamin D deficiency in
82% of the women. Fatigue and muscle weakness were com-
mon complaints (12,13). 
A lesson of the month in the British Medical Journal in 2004 re-
ported severe vitamin D deficiency in 11 female asylum seek-
ers who had many aspecific complaints (14). Rickets and os-
teomalacia often occur in immigrants from non-western coun-
tries. Special risk groups are the pregnant non-western women
as emerged from a recent study in midwives practices in The
Hague (15). 
Determinants of vitamin D status
Determinants of vitamin D status are sunshine exposure and
the negative factors skin pigmentation, sunscreen use, clothing
and advanced age as this is associated with decreased syn-
thesis of vitamin D in the skin (2). Obesity is usually associated
with lower serum 25(OH)D levels but the explanation is not
completely certain (5). Urbanisation was a clear risk factor in
LASA with lower serum 25(OH)D in Amsterdam than in the oth-
er cities and rural communities in the Netherlands. Air pollution
can be a cause and this has also been reported from India. Ar-
tificial ultraviolet light as from a tanning bed can increase
serum 25(OH)D. Nutrition, i.e. consumption of fatty fish, fish oil
and foods to which vitamin D has been added such as mar-
garine are important. Calcium-rich nutrition can mask vitamin D
deficiency and it can also decrease the vitamin D requirement
(2). Consumption of vitamin D containing medication or multivi-
tamins can increase serum 25(OH)D.
New data on vitamin D deficiency and the consequences
for the locomotor system
Last years, new data have become available on the impor-
tance of vitamin D for bone mineral density and muscle func-
tion. 
In a large American survey, NHANES III, a positive relation ex-
isted between serum 25(OH)D and bone mineral density, and
BMD increased with increasing serum 25(OH)D to more than
80 nmol/l (16). Based on this, a serum 25(OH)D higher than 80
nmol/l is advised in the USA by some groups. In the same
study a relationship was observed between physical function
and serum 25(OH)D. The time period in which a walking test
and 5 chair stands were done decreased with increasing
serum 25(OH)D (17). In this study, the most important effect
was seen when serum 25(OH)D increased to 40-50 nmol/l,
thereafter the time gain was marginal. In LASA, a similar rela-
tionship was found between serum 25(OH)D and the physical
performance score consisting of walking test, 5 chair stands
and a tandem stand. After correction for age and sex and other
confounding variables physical performance increased signifi-
cantly till a serum 25(OH)D of 50 nmol/l (18). 
Vitamin D and calcium may decrease the number of falls as
seen in a meta-analysis in which regular vitamin D3 was com-
pared to active vitamin D metabolites either with or without cal-
cium.
Effects of vitamin D with or without calcium on fracture 
incidence
A clinical trial in French nursing homes in 1992 led to the con-
clusion that vitamin D3 800 IU/day and calcium 1200 mg/day in
comparison to placebo decreased fracture incidence with
about 25% regarding hip fractures as well as other non-verte-
bral fractures (19). A clinical trial in Amsterdam in 1996 with vit-
amin D3 400 IU/day in comparison to placebo did not lead to a
decrease of fracture incidence (20). 
Differences between the studies in Lyon and Amsterdam were
mean age, in Lyon 84 years and in Amsterdam 80 years, the
residence, nursing home in Lyon, mixed residence in Amster-
dam, calcium intake 514 mg/day in Lyon and more than 1000
mg/day in Amsterdam, and also the intervention, vitamin D and
calcium in Lyon, and vitamin D alone in Amsterdam. 
In Amsterdam the amount of calcium in nutrition was much
higher, the reason why a calcium supplement was not includ-
ed. The effect of supplementation with vitamin D and calcium
resulted in Lyon in a decrease of serum PTH of 50% and in
Amsterdam a decrease of 15%. The bone mineral density in-
creased 6% in Lyon in comparison to 2.2% in Amsterdam (2).
In order to compare the baseline serum 25(OH)D in both stud-
ies, a cross-calibration was done. This led to the conclusion
that the baseline serum 25(OH)D was much lower in Lyon, i.e.
vitamin D deficiency was more severe in Lyon than in Amster-
dam (21). The differences in calcium intake and in vitamin D
status and the difference in supplementation caused higher
contrasts between treated and non-treated group in Lyon than
in Amsterdam. Probably compliance was much better in Lyon
because medication in a nursing home was supplied under
tight supervision, while in Amsterdam most participants were
independent and there was less control on the intake of the vit-
amin D supplement. 
Another positive study was performed in England where the
participants received 100 000 IU vitamin D3 once per 4 months
by mail (22). The intake of the supplements was to be con-
firmed by means of a reply card. In this study the incidence of
osteoporotic fractures decreased with about 25%. 
In Denmark, a pragmatic study compared vitamin D3 400 IU
and calcium 1000 mg per day with improvements in the home
and around (23). In this study, there were 15% less fractures in
the treated group than in the control group. On the other side,
there are many negative trials. 
In general, vitamin D and calcium together leads to a larger de-
crease of serum PTH than vitamin D alone. Supplementation
with vitamin D 800 IU/day appears to be somewhat more effec-
tive than 400 IU/day. These factors are important with regard
to the effects on fractures. 
The RECORD Study, published in 2005 reported supplementa-
tion of vitamin D3 800 IU/day and calcium 1000 mg/day for the
secondary prevention of fractures in older people (24). There
were four groups in this study: placebo, calcium alone, vitamin
D alone and the combination of calcium and vitamin D. There
was no difference in fracture incidence considering all fractures
as well as hip fractures alone between the four groups. The
baseline serum 25(OH)D was not so low in this study, 38
nmol/l, and the compliance was 50% after the first year and
47% after the second year. 
Recently, a randomized trial was done in the framework of the
Women s Health Initiative in more than 36000 women between
50 and 79 years (1). The treatment was calcium 1000 mg/day
and vitamin D3 400 IU/day in comparison to placebo and the
follow up was 7 years. The bone mineral density in the hip in-
creased 1% and the intention-to-treat analysis did not show a
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significant difference in the incidence of hip fractures or all frac-
tures between the treated group and the placebo group. How-
ever, the per-protocol analysis in patients who in fact used the
medication (high compliance) showed a significant reduction in
the number of hip fractures (68 vs 99, hazard ratio 0.71). 
The most important side effect was a slight increase in the inci-
dence of renal stones. As a consequence of this trial, one may
ask the question what is the sense of the prescription of calci-
um and vitamin D for the prevention of fractures, and as an ad-
ditional treatment in patients with osteoporosis who are treated
with bisphosphonates or other medication. The fact that ran-
domized trials with vitamin D with or without calcium with frac-
tures as an endpoint are sometimes positive and at other times
negative means that the effect of calcium and vitamin D is rela-
tively weak in comparison with bisphosphonates for example.
Factors influencing the outcome are among others the baseline
serum 25(OH)D level, the lower the greater the effect, the vita-
min D dose, calcium intake and the use of calcium supple-
ments, and compliance being higher in nursing homes than in
independently living elderly. 
A problem is a possible interaction in frail elderly: they are usu-
ally vitamin D deficient or insufficient and they have a low com-
pliance.
Vitamin D3 and calcium as additional treatment in patients
with osteoporosis
The addition of vitamin D3 and calcium to the treatment in pa-
tients with osteoporosis may lead to the following remarks: in
all megatrials with bisphosphonates, raloxifene, teriparatide
and strontium, vitamin D3 and calcium were added to the treat-
ment to guarantee sufficient intake. There are no data on treat-
ment with these compounds without addition of vitamin D and
calcium. On the other side, the calcium intake with nutrition is
much lower in most countries than in the Netherlands. In prac-
tice, this means that calcium should be added up to the recom-
mended daily allowance of 1000-1200 mg/day. 
Supplements should be prescribed to all patients who use less
than 4 dairy consumptions per day. In the MORE trial it was
studied whether vitamin D insufficiency at the start of the trial in-
fluenced the increase of BMD. It appeared that the increase was
somewhat higher when serum 25(OH)D was lower at the onset,
but the difference was not significant (25). On the other side, a
Japanese study in 24 postmenopausal women who were treated
with alendronate 5 mg/day had a different outcome. Suppression
of bone resorption with alendronate was insufficient when serum
25(OH)D was low and there was a significant relationship be-
tween the increase of BMD and baseline serum 25(OH)D lead-
ing to the conclusion that vitamin D deficiency was a reason for
non-response to bisphosphonates (26). 
In practice, one should prescribe vitamin D 1 dd 400 IU to pa-
tients who do not go outside in the sunshine. The latter applies
to most patients older than 65 years of age.
Conclusion
Treatment of vitamin D deficiency or insufficiency in patients with
serum 25(OH)D lower than 50 nmol/l is important for optimal
bone mineral density and muscle function, and the prevention of
falls and fractures. Risk groups such as immigrants and preg-
nant women should get more attention. Patients with osteoporo-
sis should take sufficient vitamin D and calcium.  Guidelines for
Osteoporosis should not be modified in this respect.
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